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1
LASER DIODE DEVICE

This patent application is a national phase filing under
section 371 of PCT/EP2013/054890, filed Mar. 11, 2013,
which claims the priority of German patent application 10
2012 103 160.6, filed Apr. 12, 2012, each of which is incor-
porated herein by reference in its entirety.

TECHNICAL FIELD

A laser diode device is specified.

BACKGROUND

Light sources having a high optical power density are key
components for a multiplicity of applications. By way of
example, laser diodes composed of a nitride-based compound
semiconductor material system have a high market potential
for projection systems, in particular those having luminous
fluxes of between 1000 and 20,000 lumens.

Therefore, components having high output powers and
compact housings are required for such applications. For cost
reasons and in the context of standardization, housings of the
so-called TO type series (TO: “transistor outline”) in the form
of TO metal housings (“TO metal can”) are customary, for
instance in the form of the known structural sizes TO38,
TOS56 and TO90, wherein the TO metal housings are substan-
tially manufactured from steel. Such standard TO designs,
also designated hereinafter as “TO housings” for short, are
usually used nowadays for laser diodes. However, currently
available laser diodes in TO housings have been limited here-
tofore to optical powers of less than 3 watts, which is insuf-
ficient for many applications. To date, however, it has not yet
been possible to achieve optical powers of above 3 watts with
such designs.

By way of example, the document C. Vierheilig et al., Proc.
SPIE, vol. 8277, 82770K, 2012 discloses blue-emitting
nitride-based laser diodes in TO housings which, at room
temperature in continuous wave operation, can emit light
having a wavelength in the range 0of 440 nm to 460 nm with an
output power of a maximum of 2.5 watts.

In the case of such laser diodes, the TO housings have
thermal inadequacies, in particular during mounting, which is
customary for technical reasons, with that side of the sub-
strate which faces away from the semiconductor layer
sequence on a heat sink between a housing and a laser diode,
such that the semiconductor layer sequence is arranged at the
top as seen from the housing (“Epi up”).

Alongside the standard TO housings composed of high-
grade steel, TO housings are also known which, for better heat
dissipation, have a base that is based on copper or has a copper
core and a steel surface. However, studies have been able to
show that the use of such modified TO housings alone does
not lead to an increase in the output power of laser diodes.

In the case of red and infrared power laser diodes, in par-
ticular on the basis of arsenides, thermally optimized mount-
ing concepts with very direct heat dissipation are known, in
particular mounting with that side of the semiconductor layer
sequence which is situated opposite the substrate downward
(“Epi down™) on a heat sink between the laser diode and a
housing and furthermore the use of a copper carrier instead of
a TO housing.

Such measures are unsuitable for nitride-based laser
diodes, however, since a cost-effective capping for protecting
the laser against contamination and mechanical damage is not
possible for a copper carrier. Particularly moisture and chemi-
cals, for example, in the case of use in the automotive sector,
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2

can be critical and necessitate a hermetic capping in order to
protect the laser diodes from such external influences. Since,
in the case of nitride-based laser diodes, the p-side is typically
arranged on that side of the active region which faces away
from the substrate, and is made as thin as possible, since the
operating voltage can increase with increasing thickness of a
p-doped nitride-based semiconductor layer, “Epi down”
mounting in turn, owing to the active region thus situated very
near the p-type contact in the case of nitride-based laser
diodes, during the soldering process, for example, can easily
lead to short circuits and thus to a reduction of the yield.

SUMMARY OF THE INVENTION

Specific embodiments specify a laser diode device.

In accordance with at least one embodiment, a laser diode
device comprises a housing, in which a laser diode chip is
arranged on the mounting part by means of a solder layer.

The housing can preferably be mountable with an outer
area on an external heat sink, for example, a cooling body or
a printed circuit board. At least the mounting part and pref-
erably all regions of the housing which are situated between
the laser diode chip and the outer area which is provided for
mounting the laser diode device on such an external heat sink
comprise a material having a high thermal conductivity, for
example, a metal, for example, preferably copper or else
aluminum, or a ceramic material, for example, AIN. Further-
more, at least the mounting part can also comprise a compos-
ite material and can be formed, for example, by a metal-core
circuit board having a metal layer enveloped by a plastic
material. Furthermore, the mounting part, for making electri-
cal contact with the laser diode chip, can have an electrical
lead, for example, in the form of a conductor track, and a
soldering area. If the mounting part is formed by a main body
composed of metal on the side facing the laser diode chip, the
electrical lead can be made possible by the main body itself.

In accordance with a further embodiment, the housing has
ahousing cover, which is applied above the mounting part and
closes the housing. The housing cover furthermore has a
window, through which the light emitted by the laser diode
chip during operation can be emitted from the laser diode
device. The housing cover can comprise, for example, a metal
such as, for instance, steel, in particular high-grade steel, or
else a ceramic material or be composed thereof, apart from
the window. Particularly preferably, a hermetically imperme-
able closure of the housing can be made possible by the
housing cover. By way of example, the housing cover can be
welded to the mounting part or a further housing part.

In accordance with a further embodiment, the housing has
ahousing part connected to the mounting part. The mounting
part can extend away from the housing part along an exten-
sion direction. In other words, the mounting part can project
away from the housing part and can be embodied in a pin-type
fashion, for example. In this case, the mounting part prefer-
ably has a mounting area, which extends away from the
housing part along the extension direction of the mounting
part and on which the laser diode chip is arranged.

The housing part can be provided and designed, in particu-
lar, for making it possible to arrange a housing cover for
closing the housing on the housing part. The housing part and
the mounting part, which, in particular, can also be embodied
integrally with one another, preferably each have a main body
composed of copper or else, in the case of integral embodi-
ment, a common main body composed of copper. As an
alternative thereto, the main body can also comprise some
other material from among those mentioned above.
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Atleast the housing part can furthermore be steel-sheathed.
That means that the housing part is substantially formed from
the main body and is covered with a steel layer. The steel layer
can be formed, for example, by a layer composed of high-
grade steel. A steel sheathing of the housing part can be
particularly advantageous since it is thereby possible, as in
the case of a standard TO housing having a steel base, for a
housing cover to be welded to the housing part. In this case,
the mounting part projects into the housing cover from the
housing part along its extension direction, such that the laser
diode chip, with the housing cover mounted, is situated on the
mounting part in the cavity formed by the housing cover and
the housing part.

In accordance with a further embodiment, in addition to the
housing part, the mounting part is also steel-sheathed. In
particular, the housing part and the mounting part in this
embodiment can have a common copper main body covered
with a steel layer.

Particularly preferably, the housing can be embodied as a
so-called TO housing, for example, having a structural size
TO38, TOS56 or TO90. In this embodiment, the housing part
can also be designated as “base plate” and the mounting part
as “stem”. In comparison with standard TO housings which
are usually used and which have at least one housing partor a
housing part and a mounting part which substantially consist
of'steel and do not have a copper-based main body, the hous-
ing in this embodiment has a higher thermal conductivity on
account of the copper of the steel-sheathed housing part.

In accordance with a further embodiment, the mounting
part or else, if appropriate, a housing part can have holes or
openings, for example, through which electrical leads, for
example, in the form of contact legs, can project from that side
of'the housing which faces away from the mounting part to the
side on which the mounting part is arranged. The electrical
leads can be provided for making electrical contact with the
laser diode chip, for example, via a wire connection between
an electrical lead and the laser diode chip.

In accordance with a further embodiment, the laser diode
chip is based on a nitride compound semiconductor material.
The laser diode chip can have, in particular, a substrate, pref-
erably an electrically conducting substrate, for example, crys-
talline (In,Al,Ga)N. Thereabove it is possible to apply an
epitaxial layer sequence, that is to say epitaxially grown semi-
conductor layers, which is based on a nitride compound semi-
conductor material and is thus embodied on the basis of
InAlGaN.

Designations such as “InAlGaN-based compound semi-
conductor materials”, “(In,Al,Ga)N-based compound semi-
conductor materials” and “nitride compound semiconductor
materials” include, in particular, those semiconductor mate-
rials which comprise a material from the III-V compound
semiconductor material system In, Al Ga, , N where O=x<1,
O<y=1 and x+y=l, that is to say, for example, GaN, AIN,
AlGaN, InGaN, AllnGaN. The laser diode chip can have, in
particular, on the substrate a semiconductor layer sequence
having an active layer, particularly preferably on the basis of
AlGalnN and/or InGaN, which is provided for emitting light
during operation. In particular, the laser diode chip can emit
light from an ultraviolet to green wavelength range during
operation.

In accordance with a further embodiment, the laser diode
chip has semiconductor layers on the substrate, said semicon-
ductor layers having, for example, the active layer between
waveguide layers and cladding layers. In particular, it is pos-
sible to apply on the substrate a first cladding layer, there-
above a first waveguide layer, thereabove the active layer,
thereabove a second waveguide layer and above the latter a
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second cladding layer. Above the second cladding layer, it is
furthermore possible to arrange a semiconductor contact
layer and, above the latter, an electrical connection layer, for
example, in the form of a metal layer. Electrical contact can be
made with the laser diode chip particularly preferably via the
electrical connection layer situated opposite the substrate and
also via the conductive substrate, wherein the substrate can
also have an electrical connection layer on the side facing
away from the semiconductor layers. In this case, the laser
diode chip can thus be mounted on the mounting part by
means of the solder layer directly with the substrate or with an
electrical connection layer of the laser diode chip, which layer
is arranged on the side of the substrate facing away from the
semiconductor layers. On that side of the active layer which
faces away from the substrate, a charge carrier barrier layer
can furthermore be arranged between the waveguide layer
and the cladding layer in order to avoid a so-called charge
carrier overshoot.

By way of example, the semiconductor layers arranged
between the substrate and the active layer can be n-doped and
the semiconductor layers arranged above the active layer as
seen from the substrate can be p-doped. As an alternative
thereto, it is also possible to reverse the doping order. The
active layer can be undoped or n-doped. The laser diode chip
can have as active layer, for example, a conventional pn
junction, a double heterostructure or a quantum well struc-
ture, particularly preferably a multi quantum well structure
(MQW structure). In the context of this application, the des-
ignation quantum well structure encompasses, in particular,
any structure in which charge carriers can experience a quan-
tization of their energy states as a result of confinement. In
particular, a quantum well structure can have quantum wells,
quantum wires and/or quantum dots and a combination of
these structures. By way of example, the active layer can have
InGaN-based quantum films between suitably embodied bar-
rier layers.

Inaccordance with one particularly preferred embodiment,
for producing the laser diode chip, as described above, firstly
n-doped layers, then the active region and thereabove a
p-doped layer are grown.

In accordance with a further particularly preferred embodi-
ment, the laser diode chip is arranged with the substrate on the
mounting part, such that the laser diode chip has the prefer-
ably epitaxially deposited semiconductor layers on that side
of'the substrate which faces away from the mounting part and
the solder layer. This preferred mounting direction is also
designated hereinafter as “Epi up”.

In accordance with a further embodiment, the laser diode
chip has a radiation coupling-out area with a radiation cou-
pling-out region, via which the light generated in the active
layer is emitted during operation. The radiation coupling-out
region is typically defined by one on the basis of internal
waveguiding effects and a current density distribution chosen
in a targeted manner on the radiation coupling-out area. In this
case, the laser diode chip is preferably embodied as an edge
emitting laser diode chip, in which the radiation coupling-out
area can be produced, for example, by breaking, cleaving
and/or etching a semiconductor layer composite assemblage
along a crystal plane. Furthermore, the laser diode chip has a
rear side area arranged opposite the radiation coupling-out
area. The radiation coupling-out area and the rear side arca are
usually also designated as so-called facets in the case of edge
emitting laser diode chips. Furthermore, the laser diode chip
has side areas which connect the rear side area and the radia-
tion coupling-out areas to one another and which are formed
by the sides of the semiconductor layers which delimit the
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latter in a direction perpendicular to the growth and arrange-
ment direction of the semiconductor layers.

Here and hereinafter, the outer area of the laser diode chip
which faces the mounting part and is in direct contact with the
solder layer is also designated as underside, while the outer
area situated opposite the mounting part in the layer arrange-
ment direction is designated as top side.

In accordance with a further embodiment, the laser diode
chip is arranged directly on the mounting part by means of the
solder layer and is thus mounted directly on the mounting
part. That means, in particular, that only the solder layer is
arranged between the laser diode chip and the mounting part.
The solder layer has a thickness of greater than or equal to 3
um. Particularly preferably, the thickness of the solder layer
can also be greater than or equal to 4 pum and furthermore also
greater than or equal to 5 um.

In accordance with a further embodiment, the solder layer
comprises a soft solder and is preferably composed of a soft
solder. In particular, the soft solder can be formed from an
alloy comprising one or a plurality of metals selected from
Sn, In and Au, for example,

AuSn, particularly preferably comprising 80% Au and

20% Sn,

AuGe, particularly preferably comprising 88% Au and
12% Ge,

SnPb, particularly preferably comprising 63% Sn and 37%
Pb,

SnAg, particularly preferably comprising 96.5% Sn and
3.5% Ag or 95% Sn and 5% Ag or 80% Sn and 20% Ag,

SnPbAg, particularly preferably comprising 63% Sn,
35.6% Pb and 1.4% Ag,

Snln, particularly preferably comprising 95% Sn and 5%
In,

InAg, particularly preferably comprising 90% In and 10%
Ag,

SnlnAg, particularly preferably comprising 77% Sn,
21.2% In and 2.8% Ag,

SnCu, particularly preferably comprising 99% Sn and 1%
Cu or 99.3% Sn and 0.7% Cu,

SnAgCu, particularly preferably comprising 95.5% Sn,
3.8% Ag and 0.7% Cu,

SnSh, particularly preferably comprising 95% Sn and 5%
Sb,

SnAgSh, particularly preferably comprising 65% Sn, 25%
Ag and 10% Sb,

SnB4i, particularly preferably comprising 58% Bi and 42%
Sn,

SnBiCu, particularly preferably comprising 90% Sn, 9.5%
Biand 0.5% Cuor 95% Sn, 3.5% Biand 1.5% Cu or 95%
Sn, 3% Bi and 2% Cu,

SnBilnAg, particularly preferably comprising 78% Sn,
10% Bi, 10% In and 2% Ag.

Inaccordance with one particularly preferred embodiment,
the laser diode device comprises a housing with a mounting
part, on which a laser diode chip based on a nitride compound
semiconductor material is mounted in the housing directly by
means of a solder layer and the solder layer has a thickness of
greater than or equal to 3 um.

The fact that the laser diode chip is mounted directly on the
mounting part of the housing by means of the solder layer
means, in particular, that, in the case of the laser diode device
described here, no additional heat sink such as is customary in
the prior art is arranged between the laser diode chip and the
housing, which heat sink might function as a heat spreader.
Such a manner of mounting laser diode chips in which an
additional heat sink is used between the laser diode chip and
the housing corresponds to the prior art. The additional heat
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sink below the laser diode chip is usually a mounting body
having good thermal conductivity for the purpose of heat
spreading and having a thickness of more than 10 pm and
typically, for example, 50 to 120 pm. This manner of mount-
ing was optimized in particular for infrared and red lasers,
particularly those based on arsenides, and heretofore has been
transferred to the mounting of nitride-based laser diode chips
without significant modifications. In the case of the laser
diode device described here, the contribution of the heat sink
to the total thermal resistance is thus omitted. A 200 um thick
AIN heat sink, such as is likewise typically used in the prior
art, has a thermal resistance of approximately 3 to 4 K/W.

In the case of infrared and red lasers which are based on
arsenidic compound semiconductor materials and are usually
mounted “Epi down” owing to their substrate having poor
thermal conductivity, if an additional heat sink were dis-
pensed with there would be a high risk of the active region
being short-circuited by solder at the chip edges, or else of
solder migrating at the chip edges during operation and pro-
ducing such short circuits. Moreover dispensing with the heat
sink would give rise to high strains and crystal defects in the
laser diode chip during operation, so-called “dark line
defects”, which arise during cooling after soldering on
account of the different coefficients of thermal expansion of
the chip and of the housing and which can lead to the failure
of the component. Although this risk can be reduced some-
what by the use of very soft solders, it is still too high. Soft
solders such as In furthermore tend toward migration and can
thereby easily bring about short circuits above the active
region of a laser diode chip.

The inventors have recognized that, contrary to the previ-
ous assumptions and procedures, such problems do not apply
to laser diode chips based on a nitride compound semicon-
ductor material. By way of example, it is possible to use
substrates having a thermal conductivity of approximately
200 W/mK instead of 46 W/mK in the case of GaAs sub-
strates. As a result, laser diode chips based on nitride com-
pound semiconductor material can also be mounted “Epi up”,
such that there is no increased risk of short circuits in the case
of'apreferred substrate thickness of greater than or equal to 50
pum and less than or equal to 150 um, preferably, for example,
athickness of approximately 110 um. “Dark line defects™ are
not known for nitride-based laser diode chips and therefore
likewise do not constitute a problem.

For ahigh quality of the mounting of the laser diode chip on
the mounting part of the housing without an additional heat
sink therebetween, the solder layer described here having a
thickness of greater than or equal to 3 um is particularly
advantageous, while a solder layer that is as thin as possible is
preferred for thermal reasons in the prior art. In particular, a
soft solder described above is suitable for compensating for
thermal strains during cooling after the soldering of the laser
diode chip and for unevennesses of the mounting part. Such
unevennesses may be virtually unavoidable, for example, if a
mounting part based on copper with a steel sheathing is used.
The use of the thick solder layer described here thus affords
thermal advantages in total since a soldering that is homoge-
neous and in particular free of shrink holes, such as is possible
by virtue of the thickness of the solder layer as described here,
outweighs the inherently greater thermal resistance caused by
the thickness of the solder layer as described here in compari-
son with a thin solder layer. In particular, even though the heat
sink that is usually used in the prior art is omitted, it is possible
overall to achieve a reduction of the thermal resistance
between the laser diode chip and the housing, wherein, for
thermally linking the laser diode chip to the thick solder layer
as continuously as possible and over the largest possible area,
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the anchoring elements described further below can further-
more particularly preferably be provided in the laser diode
chip. In the case of the laser diode device described here, heat
spreading can also be effected in this case by means of the
housing and in particular the mounting part.

In particular, for the laser diode device described here, a
significant increase in the output power, in comparison with
the prior art, to more than 3 W is possible. However, such an
increase is possible only through the combination of a hous-
ing having the best possible thermal conductivity, such as a
copper-based housing, for example, with the thick solder
layer, since, by way of example, although just the use of such
athermally optimized housing can decrease the thermal resis-
tance by approximately 2 to 3 K/W, this is insufficient for
achieving an output power of more than 3 W.

Externally, however, the laser diode device described here
can advantageously correspond totally to the components
produced heretofore according to the prior art and it can be
produced with comparable processes suitable for mass pro-
duction. The costs, measured for instance in dollars per watt,
can thus be significantly reduced. Furthermore, fewer com-
ponents are necessary for an identical light power in an appli-
cation with the use of the laser diode device described here in
comparison with known laser diodes.

In the case of customary laser diodes in which laser diode
chips are mounted on a housing via an additional heat sink,
the heat sink is able not only to act as a heat spreader but also
to reduce strains which act on the chip, since the housing
usually has a coefficient of thermal expansion thatis far above
the coefficient of thermal expansion of the chip. Such com-
pensation of strain by means of an additional heat sink is not
possible in the case of the laser diode device described here.
If the coefficients of thermal expansion differ excessively
between the laser diode chip and the housing, it can happen
during cooling to room temperature after the soldering of the
laser diode chip that the housing contracts to a greater extent
than the laser diode chip. As a result, it can happen that the
laser diode chip forms a convex curvature facing away from
the housing. As a result, chip shearing can occur, as a result of
which the laser diode chip is no longer soldered on optimally
and over the whole area. Particularly preferably, therefore, the
laser diode chip has a strain that endeavors to convexly
deform the underside of the laser diode chip facing the mount-
ing part, or that counteracts at least a concave deformation of
the underside of the laser diode chip facing the mounting part.
By way of example, the laser diode chip can be embodied in
such a way that, in an unmounted state, it has a bowl-shaped
curvature or at least a minimal bowl shape with a virtually
planar embodiment. A suitable strain of the laser diode chip
can be set, for example, by means of growth conditions cho-
sen in a targeted manner during the growth of the semicon-
ductor layers on the substrate.

In accordance with a further embodiment, the laser diode
chip has, in the underside facing the mounting part, at least
one anchoring element for the solder of the solder layer. The
anchoring element can be formed, for example, by a depres-
sion or an elevation in the underside of the laser diode chip
facing the mounting part. Preferably, the laser diode chip has
aplurality of anchoring elements, which can be shaped and/or
arranged regularly orirregularly. One or a plurality of anchor-
ing elements can, for example, also be formed in a manner
adjoining side areas of the laser diode chip, that is to say at
chip edges between the underside of the laser diode chip
facing the solder layer and the radiation coupling-out area
and/or the rear side area and/or one or a plurality of side areas,
in each case as a stepped depression. By means of the anchor-
ing elements, it is possible to achieve an interlinking of the
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solder and of the laser diode chip which can counteract chip
shearing in addition or as an alternative to an above-described
targeted strain of the laser diode chip. In the preferred “Epi
up” mounting described above, the at least one and preferably
the plurality of anchoring elements are formed in the sub-
strate.

The at least one and preferably the plurality of anchoring
elements can be introduced, for example, in a targeted manner
as discrete elevations or depressions. The anchoring elements
can have, in particular, punctiform elevations and/or depres-
sions or else linear elevations and/or depressions. By way of
example, anchoring elements can also be formed by atargeted
roughening or a targeted mechanical or chemical removal.
Furthermore, it is also possible for an anchoring element to be
provided, for example, in the form ofa step in the region of the
substrate edge at one or both facets, that is to say the radiation
coupling-out area and/or the rear side area.

In order to produce the at least one anchoring element and
preferably the plurality of anchoring elements, it is possible
preferably to carry out dry- or wet-chemical etching, in par-
ticular anisotropic etching methods, lithographic patternings
and/or mechanical patternings.

Preferably, the at least one and preferably the plurality of
anchoring elements has a depth of greater than or equal to 0.1
um and less than or equal to 10 um and preferably of greater
than or equal to 0.5 um and less than or equal to 5 um. A size
of greater than or equal to 0.1 um and preferably greater than
orequal to 0.5 um is particularly suitable such that a sufficient
interlinking between the laser diode chip and the solder
arises, while a depth of less than or equal to 10 pm and
preferably of less than or equal to 5 um is particularly suitable
for achieving a complete filling or enclosing of an anchoring
element with the solder and thus a linking of the laser diode
chip to the solder layer over the largest possible area.

In accordance with a further embodiment, the laser diode
chip has a metallization on the side areas and/or the radiation
coupling-out area and/or the rear side area. The metallization
can be embodied, in particular, in the form of a metal layer.
The metallization is thus embodied in particular in a layered
fashion with a main extension plane that is parallel to the
arrangement direction of the semiconductor layer sequences
of the laser diode chip. By means of such a metallization, a
cooling ofthe laser diode chip can be achieved via the areas of
the laser diode chip that are provided with the metallization.
By way of example, the metallization can be arranged directly
on the substrate and at least some semiconductor layers.
Particularly preferably, the metallization is in this case
arranged, as seen from the mounting part, below the active
layer, that is to say—in the case of “Epi up” mounting
described above—on side areas of the substrate and side areas
of those semiconductor layers which are arranged between
the substrate and the active layer. This makes it possible to
prevent the metallization from causing a short circuit by a
bridging of the n- and p-doped layers above and below the
active layer. Effective heat dissipation can be made possible
on account of such a direct contact of the metallization with
the semiconductor material of the laser diode chip.

If the metallization is arranged on the radiation coupling-
out area and/or the rear side area directly in contact with the
semiconductor layers, then the metallization is preferably
situated between the semiconductor layers and an optical
layer on the radiation coupling-out area and/or the rear side
area. The optical layer is formed, in particular, by the facet
reflective coating or antireflective coating that is customary
for laser diode chips. Usually, the optical layer on the radia-
tion coupling-out area and the rear side area is formed from a
dielectric material or a dielectric layer sequence. If a metal-
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lization is provided on the radiation coupling-out area, then
the radiation coupling-out region remains free of the metal-
lization, such that the light generated in the active layer can be
emitted without being impeded.

Furthermore, it is also possible for a metallization to form
an outer side of the laser diode chip. In other words, the
metallization is not covered by a further layer of the laser
diode chip. In the case where the metallization is arranged on
the side areas, the metallization can both be applied directly
on the semiconductor layers and form outer sides of the laser
diode chip. If the metallization is arranged on the radiation
coupling-out area and/or the rear side area and forms an outer
side of the laser diode chip, then this means, in other words,
that the metallization is arranged on the optical layer of the
radiation coupling-out area or the rear side area. In particular,
the metallization can extend as far as the underside of the laser
diode chip. What can be achieved by means of a metallization
that forms an outer side of the laser diode chip is that the
solder of the solder layer can wet the metallization. As a
result, a part of the solder layer can “run up” to the metalli-
zation in a targeted manner and thus make possible a good
thermal contact and hence a good heat dissipation of the laser
diode chip via the areas of the laser diode chip that are pro-
vided with the metallization.

The metallization can comprise, in particular, one or more
of the metals Au, Ti, Pt, Cr, Pd, Ni, Ag, W, Cu.

In accordance with a further embodiment, the laser diode
chip has, on a top side facing away from the mounting part, at
least one depression which extends from the rear side area to
the radiation coupling-out area and which is covered with a
passivation. In particular, the depression projects into the
semiconductor layer sequences to above the active layer as
seen from the top side. Preferably, the laser diode chip has two
depressions which in each case extend from the radiation
coupling-out area to the rear side area and between which a
contact region is arranged on the top side, via which contact
region a targeted current impression or current density distri-
bution in the laser diode chip, and in particular in the active
layer, is produced. Consequently, the depressions with the
passivation are preferably situated between possible migra-
tion paths of the solder along which the solder could move
from a metallization on the side areas of the laser diode chip
toward the contact region. It is thereby possible to prevent the
solder from running up in an uncontrolled manner at the chip
edges, or to prevent an uncontrolled migration of solder in the
region of the laser diode device, which would cause a short-
circuiting of the active layer. The depressions can also be
designated as so-called mesa trenches that interrupt the active
layer.

Since, in comparison with laser diodes in the prior art, a
significant reduction of the thermal resistance can be
achieved by means of the configuration of the laser diode
device as described here, it is possible to operate laser diode
chips with a larger active area, that is to say a larger energized
area, in comparison with the prior art. In the laser diode device
described here, therefore, it is possible to use laser diode chips
having a longer and/or wider energized area in comparison
with the prior art. In particular, the active layer can have an
area of greater than or equal to 2500 um?, preferably of
greater than or equal to 10 000 um? and particularly prefer-
ably of greater than or equal to 20 000 pm? up to 30 000 um?.
Inthis case, a decrease in the current density from a maximum
value to 10% is assumed as area delimitation.

Furthermore, in the case of the laser diode device described
here, it is also possible, unlike in the prior art, without further
outlay, to use more than one laser diode chip in one of the
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housings described here, whereby an increase in the output
power can likewise be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

Further advantages, advantageous embodiments and
developments will become apparent from the exemplary
embodiments described below in conjunction with the fig-
ures.

In the figures:

FIGS. 1A and 1B show schematic illustrations of a laser
diode device in accordance with an exemplary embodiment,

FIG. 2 shows a schematic illustration of a laser diode chip
in accordance with a further exemplary embodiment,

FIG. 3 shows an excerpt from a laser diode device in
accordance with a further exemplary embodiment,

FIGS. 4A to 4C show excerpts from laser diode devices in
accordance with further exemplary embodiments, and

FIGS. 5A to 11 show schematic illustrations of excerpts
from laser diode devices in accordance with further exem-
plary embodiments.

In the exemplary embodiments and figures, elements that
are identical, of identical type or act identically may in each
case be provided with the same reference signs. The illus-
trated elements and their size relationships among one
another should not be regarded as true to scale; rather, indi-
vidual elements such as, for example, layers, structural parts,
components and regions may be illustrated with an exagger-
ated size in order to enable better illustration and/or in order
to afford a better understanding.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

FIGS. 1A and 1B show an exemplary embodiment of a
laser diode device 100, wherein FIG. 1A shows a schematic
sectional illustration and FIG. 1B a plan view of the laser
diode device 100. The following description relates equally to
FIGS. 1A and 1B.

The laser diode device 100 comprises a housing 1, in which
a laser diode chip 2 is mounted on a mounting part 11 by
means of a solder layer 3.

The housing 1 has the highest possible thermal conductiv-
ity and is embodied in the form of a so-called TO housing in
the exemplary embodiment shown. In this case, the housing 1
has a housing part 10 and the mounting part 11 arranged at the
housing part. The mounting part 11 extends away from the
housing part 10 and is embodied integrally with the housing
part 10 in the exemplary embodiment shown. For this pur-
pose, the housing part 10 and the mounting part 11 have a
main body formed from a metal, which is copper in the
exemplary embodiment shown.

The housing part 10 furthermore has a sheathing 12 com-
posed of steel, which is formed by a coating of the copper
main body in the region of the housing part 10. The mounting
part 11 can be formed by an uncoated main body, thatis to say
by the copper main body in the exemplary embodiment
shown, or, as is indicated by the dashed line around the
mounting part 11, can likewise have a sheathing, preferably a
steel sheathing.

Furthermore, the housing part 10 can have holes or open-
ings, for example, in which are arranged small lead legs
projecting from that side of the housing part 10 which faces
away from the mounting part 11 to the side of the mounting
part 11. Small lead legs arranged and fixed therein can be
embodied as electrical feedthroughs, for example, and afford
possibilities for electrical contact-making.
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A housing cover 14 is preferably arranged above the
mounting part 11 and thus above the laser diode chip 2, as is
indicated by the dashed lines. The housing cover 14, which
can furthermore have a window 15, can comprise steel, for
example, and preferably be composed of'steel, apart from the
window 15. By virtue of the fact that the housing part 10 has
the steel sheathing 12 in the exemplary embodiment shown
here, the housing cover 14 can be applied on the housing part
10 of the housing 1 and, as in customary TO housings having
steel bases, can be fixed by means of welding in a standard
process.

As an alternative to the housing 1 of TO design shown here,
the housing 1 can also be embodied differently therefrom. By
way of example, the housing 1 can have a mounting part 11
composed of ceramic or a metal, on which a housing cover is
arranged directly or on additional side parts. Furthermore, the
mounting part 11 can, for example, also be formed by a
metal-core circuit board. Independently of the geometrical
and material-specific configuration of the housing 1, the latter
preferably has the highest possible thermal conductivity.

The mounting part 11 has a mounting area 13, on which a
laser diode chip 2 is arranged. In particular, the laser diode
chip 2 is mounted directly on the mounting area 13 of the
mounting part 11 by means of the solder layer 3 and is thereby
electrically and thermally connected to the housing 1. Con-
sequently, only the solder layer 3 is arranged between the
laser diode chip 2 and the mounting part 11.

The solder layer 3 has a thickness of greater than or equal
to 3 um and is formed by a soft solder, in particular a soft
solder based on one or a plurality of metals selected from Sn,
Inand Au. In particular, the solder layer can be formed by one
of the solder materials mentioned above in the general part.

While it is customary for the purpose of optimum heat
dissipation in standard laser diode components to couple a
laser diode chip to a housing via a solder layer that is as thin
as possible, in order to obtain a thermal resistance that is as
low as possible, the solder layer 3 of the laser diode 100
described here has a thickness of greater than or equal to 3 pm.
The thickness of the first solder layer 3 can also be greater
than or equal to 4 um or even greater than or equal to 5 um. It
is thereby possible to compensate for thermally induced
stresses that occur during operation as a result of the heat
generated in the laser chip 2 or the cooling effected after the
soldering of the laser diode chip 2 and the different coeffi-
cients of thermal expansion of the laser diode chip 2 and of the
housing 1. Furthermore, by way of example, surface uneven-
nesses on the mounting area 13 of the mounting part 11 can
also be compensated for by such a thick solder layer. Said
unevennesses can occur in particular when the mounting part
11 has the copper main body shown here and a sheathing
composed of steel.

Preferably, as is shown in FIG. 2 in accordance with one
preferred exemplary embodiment, the laser diode chip 2 is
embodied as an edge emitting laser diode chip having a radia-
tion coupling-out area 27 formed by a side area and a rear side
area 28 situated opposite the radiation coupling-out area. The
radiation coupling-out area 27 has a radiation coupling-out
region 270, viawhich the laser radiation generated in the laser
diode chip 2 is emitted during operation. Furthermore, the
laser diode chip 2 has side areas which connect the radiation
coupling-out area 27 and the rear side area 28 to one another.
Preferably, on the radiation coupling-out area 27 and the rear
side area 28 there are applied optical layers (not shown)
which form reflective and/or antireflective layers and by
means of which a resonator having the desired reflection and
coupling-out properties is formed.
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In particular, the laser diode chip 2 is based on a nitride
compound semiconductor material. For this purpose, the
laser diode chip 2 has a substrate 20, which is preferably
embodied as electrically conducting and, for example, com-
prises crystalline (In,Al,Ga)N or is composed thereof. A
semiconductor layer sequence based on a nitride compound
semiconductor material is grown thereabove, preferably by
means of an epitaxy method such as, for example, metal
organic vapor phase epitaxy (MOVPE). The laser diode chip
2 has, onthe substrate 20, an active layer 23 arranged between
waveguide layers 22 and cladding layers 21. In particular, the
laser diode chip 2 has a first cladding layer 21 on the substrate
20, on which first cladding layer a first waveguide layer 22
and thereabove the active layer 23 are arranged. Above the
active layer 23 there follow in the growth direction a further
waveguide layer 22 and also a further cladding layer 21 and
thereabove a semiconductor contact layer 24, with which
contact is made by an electrical connection layer 25, for
example, in the form of a metallic electrode layer. The laser
diode chip 2 is electrically connected via the electrical con-
nection layer 25 and the electrically conducting substrate 20,
which can have a further electrical connection layer (not
shown) on the side facing away from the semiconductor lay-
ers 21, 22, 23 and 24. The electrical connection layer 25 can
be in electrical contact only with a partial region of the semi-
conductor contact layer 24, for example, by means of a pat-
terning, in order to achieve a current impression into a region
of'the active layer 23 chosen in a targeted manner.

The arrangement direction of the laser diode chip 2 with the
substrate 20 directly on the solder layer 3 as shown is also
designated as “Epi up”.

In the exemplary embodiment shown, as seen from the
active layer 23, the semiconductor layers facing the substrate
20 are n-doped, while the semiconductor layers designated by
the reference sign 26 and arranged on that side of the active
layer 23 which faces away from the substrate 20 are p-doped.
The active layer 23 can be n-doped or undoped, for example,
and can have a multi quantum well structure, in particular, in
the exemplary embodiment shown.

Hereinafter, that side of the laser diode chip 2 which is
situated opposite the solder layer 3 is designated as the top
side 30, and that side of the laser diode chip 2 which faces the
solder layer 3 and is directly in contact with the solder layer 3
is designated as the underside 31. The top side can be formed,
for example, at least partly by the electrical connection layer
25. If the electrical connection layer 25 is embodied in a
patterned fashion, the top side 30 can also be formed partly by
an exposed partial region of the semiconductor contact layer
24 and/or, for example, by a passivation layer applied in
partial regions on the electrical connection layer 25 and/or the
semiconductor contact layer 24.

The material of the mounting part 11, which, as described
above, can be formed, for example, by the copper main body
or some other material having a high thermal conductivity,
usually has a significantly higher coefficient of thermal
expansion than the laser diode chip 2. As aresult, in particular
after the laser diode chip 2 has been soldered onto the mount-
ing part 11 of the housing 1, strains can occur between the
laser diode chip 2 and the mounting part 11, which, depending
on the choice of solder, can possibly be compensated for only
in part by means of the solder layer 3. As a consequence
thereof, it could happen that, during cooling after the solder-
ing of the laser diode chip 2, the mounting part 11 contracts to
an extent such that the laser diode chip 2 on the solder layer 3
is curved up and has a convex bend on the top side 30 facing
away from the mounting part 11. Accordingly, the underside
31 of the laser diode chip 2 facing the mounting part 11 is
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shaped concavely in this case. The contraction of the mount-
ing part 11 during cooling is indicated by the dashed arrows.
If the curvature of the laser diode chip 2 is too great, at least
partial chip shearing can occur, that is to say an at least partial
detachment of the laser diode chip 2 from the solder layer 3.
Particularly preferably, therefore as indicated by the dotted
line in FIG. 3, the laser diode chip 2 has a strain which
endeavors to convexly deform the underside 31 of the laser
diode chip 2 facing the mounting part 11 in an unmounted
state. In other words, the laser diode chip 2 can be produced
such that after production it preferably has the bowl-shaped
curvature indicated by the dotted line in FIG. 3. The laser
diode chip 2 can also be embodied such that it is still slightly
bowl-shaped after the cooling of the solder of the solder layer
3. As an alternative thereto, the laser diode chip 2 can also be
embodied in a planar fashion or in a virtually planar fashion
with a minimal bowl shape and nevertheless have a strain in
the semiconductor layers which is suitable for at least partly
compensating for the thermal strains that can occur during
cooling after the soldering process and which at least partly
counteracts a concave deformation of the underside 31 of the
laser diode chip 2 facing the mounting part 11.

A corresponding strain of the semiconductor layers of the
laser diode chip 2 can be set by means of suitably chosen
process parameters during the growth of the semiconductor
layers.

As an alternative or in addition to the strain indicated in
FIG. 3, the laser diode chip 2 can also have on the underside
31 at least one anchoring element 32 and preferably a plural-
ity of anchoring elements 32 formed by depressions and/or
elevations. FIGS. 4A to 4C show examples of such anchoring
elements 32, which in particular can also be present in com-
binations. A sufficient adhesion ofthe laser diode chip 2 to the
solder layer 3 can be achieved by means of the anchoring
elements 32, whereby a large-area thermal connection and, as
a result, a reduction of the thermal resistance between the
laser diode chip 2 and the housing 1 can be achieved.

In FIG. 4A, the anchoring element 32 is formed by a
depression at the chip edge between the radiation coupling-
out area 27 and the underside 31, into which the solder of the
solder layer 3 can engage. Such an anchoring element 32,
which is embodied as a depression and which preferably
extends along the chip edge and is embedded in a stepped
fashion, can be introduced in a targeted manner in order to
achieve an interlinking of the chip edge with the solder of the
solder layer 3. Alternatively or additionally, an anchoring
element 32 embodied as a stepped depression can also be
provided at a chip edge between the underside 31 and the rear
side area 28 and/or the underside 31 and a side area 29.
Furthermore, a respective anchoring element 32 embodied as
a stepped depression can be provided at all chip edges at the
underside 31.

FIGS. 4B and 4C show, as anchoring element 32, a depres-
sion and an elevation in the underside 31 of the laser diode
chip 2. These can be produced by means of a targeted pat-
terning of the underside 31 of the laser diode chip and, for
example, can also be embodied in a plurality regularly as
discrete punctiform or linear elevations or depressions. Pref-
erably, a multiplicity of anchoring elements 32 in the form of
elevations and depressions can also be produced by means of
a roughening of the underside 31. In this case, the anchoring
elements 32 are arranged in a manner distributed stochasti-
cally over the entire underside 31 and can merge into one
another.

The anchoring elements 32 in accordance with the exem-
plary embodiments shown can be produced, for example, by
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dry- or wet-chemical etching, in particular anisotropic etch-
ing, lithographic patterning and/or mechanical patterning.

The anchoring elements 32 preferably have a size, that is to
say awidth and/or a depth or height, such that the solder of the
solder layer 3 can penetrate into or between the anchoring
elements 32. Preferably, for this purpose, the size of the
anchoring elements is greater than or equal to 0.1 um and
particularly preferably greater than or equal to 0.5 pm. Fur-
thermore, the anchoring elements 32 have a size which is
maximally of a magnitude such that the solder of the solder
layer 3 can completely mold around or fill said anchoring
elements, such that the solder layer 3 and the underside 31 of
the laser diode chip 2 can be linked in a manner free of shrink
holes and blisters. For this purpose, the anchoring elements
preferably have a size of less than or equal to 10 um and
preferably of less than or equal to 5 um.

FIGS. 5A to 11 show excerpts from further exemplary
embodiments, which can be combined with the abovemen-
tioned exemplary embodiments and in which the laser diode
chip 2 has a metallization 6 on at least one side area 29, the
radiation coupling-out area 27 and/or the rear side area 28.
The metallization 6 is formed by one or a plurality of metal
layers which preferably comprise or are composed of Au, Ti,
Pt, Cr, Pd, Ni, Ag, W, Cu or mixtures or alloys thereof. By
means of the metallization, the areas of the laser diode chip 2
which are coated thereby can be additionally cooled, as a
result of which more effective heat dissipation can be made
possible.

Optical layers 7 in the form of reflective or antireflective
layers are shown on the facets, that is to say on the radiation
coupling-out area 27 and the rear side area 28, of the laser
diode chip 2 described below.

FIGS. 5A and 5B show, in a plan view of the top side and
in a sectional illustration parallel to the radiation coupling-out
area 27, a laser diode chip 2 having a respective metallization
6 on the side areas 29 which connect the radiation coupling-
out area 27 and the rear side area 28 to one another. In this
case, the metallization 6 is arranged in direct contact with the
substrate and the semiconductor layers of the laser diode chip
2 and simultaneously forms outer areas of the laser diode chip
2. As is evident from FIG. 5B, the metallization 6 is arranged
below the active layer 23 as seen from the mounting part11 or
from the underside 31, in order to avoid a short-circuiting of
the n- and p-doped sides of the laser diode chip 2. By virtue of
the fact that the metallizations 6 form outer sides of the laser
diode chip 2, the solder of the solder layer 3 can wet them and
climb up them, as is indicated in FIG. 5B. It is thereby pos-
sible to achieve a good thermal contact between the side areas
29 of the laser diode chip 2 and the solder layer 3, whereby the
side areas 29 can contribute to the heat dissipation of the laser
diode chip 2.

FIGS. 6 and 7 show excerpts from further exemplary
embodiments, in which, as in the exemplary embodiment in
FIGS. 5A and 5B, metallizations 6 are arranged on the side
areas 29. In the case of such an arrangement of the metalli-
zation on the side areas, there is an increased risk of short
circuits at the side edges, which risk can be caused by the
applied metallization 6 and/or by the solder climbing up
during the soldering process, since metal particles can
migrate to the active layer 23 and, for example, bridge the
latter. The laser diode chips 2 in the exemplary embodiments
in FIGS. 6 and 7 therefore have depressions 33, which pref-
erably extend from the radiation coupling-out area 27 as far as
the rear side area 28 and which are covered with a passivation
34, for example, a dielectric oxide such as SiO,, for instance.
The depressions 33 have a depth such that, as seen from the
top side 30, they reach as far as below the active layer 23. Itis
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thereby possible to achieve a barrier for solder particles or
particles of the metallizations 6, such that these can no longer
lead to a short circuit.

As is shown in FIG. 6, the depressions 33 can be formed at
the chip edges between the top side 30 and the side areas 29.
Furthermore, as is shown in FIG. 7, the depressions 33 can
also be drawn further inward in the direction of the energized
region of the active layer 23, said region being defined by a
patterned electrical connection layer 25. The depressions 33
can also be designated as mesa trenches.

FIG. 8 shows a further exemplary embodiment, in which
metallizations 6 are arranged on the optical layers 7 on the
radiation coupling-out area 27 and the rear side area 28 and
form outer sides of the laser diode chip 2, as a result of which
solder of the solder layer 3 can climb up the radiation cou-
pling-out area 27 and the rear side area 28 and can thus lead to
a good thermal connection of the facets of the laser diode chip
2 to the solder layer 3 and thus to the housing 1. Particularly
in the case of a metallization 6 on the radiation coupling-out
area 27, it is important for the metallization 6, as shown in
FIG. 8, to be arranged below the active layer 23 as seen from
the underside 31, such that the radiation coupling-out region
270 is free of the metallization 6.

FIG. 9 shows a plan view of a further exemplary embodi-
ment of a laser diode chip 2, in which both the radiation
coupling-out area 27, the rear side area 28 and the side areas
29 are provided with a metallization 6, such that the laser
diode chip 2 can be thermally connected all around.

FIG. 10 shows a further exemplary embodiment of a laser
diode chip 2, in which, in comparison with the exemplary
embodiment in FIG. 8, the metallization 6 is arranged directly
onthe radiation coupling-out area 27 and the rear side area 28.
In other words, the metallization 6 is arranged between the
semiconductor layers of the laser diode chip 2 and the optical
layers 7 on the radiation coupling-out area and the rear side
area 28. As aresult, although wetting of the metallization 6 by
the solder of the solder layer 3 cannot be achieved, particu-
larly effective heat dissipation of the facets of the laser diode
chip 2 can nevertheless be achieved by virtue of the direct
contact of the metallization 6 with the radiation coupling-out
area 27 and the rear side area 28.

FIG. 11 shows a further exemplary embodiment of a laser
diode chip 2, in which, in comparison with the previous
exemplary embodiment, the optical layers 7 are only partly
applied on the radiation coupling-out area 27 and the rear side
area 28 and, in particular, do not reach as far as the solder layer
3, such that a combination of the advantages of the exemplary
embodiments in the previous figures can be achieved since the
metallization 6 is arranged directly on the facets and at the
same time can be wetted by the solder of the solder layer 3.

The features described and shown in the figures and exem-
plary embodiments can be combined with one another in
accordance with further exemplary embodiments, even if
such combinations are not explicitly shown or described in
the figures. Furthermore, the exemplary embodiments shown
in the figures can also have alternative or additional features
in accordance with the embodiments in the general part.

The invention is not restricted to the exemplary embodi-
ments by the description on the basis of said exemplary
embodiments. Rather, the invention encompasses any novel
feature and also any combination of features, which in par-
ticular includes any combination of features in the patent
claims, even if this feature or this combination itself is not
explicitly specified in the patent claims or exemplary embodi-
ments.
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The invention claimed is:

1. A laser diode device comprising:

a housing having a mounting part;

a laser diode chip based on a nitride compound semicon-
ductor material in the housing on the mounting part, the
chip having, on a substrate, semiconductor layers with
an active layer for generating light and the chip having a
radiation coupling-out area with a radiation coupling-
out region for emitting the generated light, a rear side
area situated opposite the radiation coupling-out area,
and side areas connecting the radiation coupling-out
area and the rear side area; and

a solder layer, wherein the laser diode chip is mounted
directly on the mounting part by means of the solder
layer, wherein the solder layer has a thickness of greater
than or equal to 3 um, and wherein the housing has a
housing part connected to the mounting part, the housing
part and the mounting part have a main body composed
of copper, and at least the housing part is steel-sheathed.

2. The laser diode device according to claim 1, wherein the
substrate is an electrically conductive substrate composed of
crystalline (In, Al, Ga)N and the laser diode chip is mounted
on the mounting part by means of the solder layer directly
with the substrate or with an electrical connection layer of the
laser diode chip, the electrical connection layer being
arranged on a side of the substrate facing away from the
semiconductor layers.

3. The laser diode device according to claim 1, wherein the
mounting part has a metal-core circuit board or a main body
composed of metal or ceramic.

4. The laser diode device according to claim 1, wherein the
housing has a housing cover above the mounting part, the
housing cover closing the housing.

5. The laser diode device according to claim 1, wherein the
solder layer comprises a soft solder.

6. The laser diode device according to claim 1, wherein the
laser diode chip has a strain that endeavors to convexly
deform an underside of the laser diode chip facing the mount-
ing part, or that counteracts at least a concave deformation of
the underside facing the mounting part.

7. The laser diode device according to claim 1, wherein the
laser diode chip has, in an underside facing the mounting part,
at least one anchoring element for the solder layer, the at least
one anchoring element being formed by a depression or
elevation.

8. The laser diode device according to claim 7, wherein the
laser diode chip has a plurality of anchoring elements embod-
ied as elevations and/or depressions in the underside.

9. The laser diode device according to claim 7, wherein the
laser diode chip has as anchoring element a stepped depres-
sion at a chip edge between the underside and the radiation
coupling-out area or the rear side area or a side area.

10. The laser diode device according to claim 1, wherein
the laser diode chip has a metallization on the side areas.

11. The laser diode device according to claim 1, wherein
the laser diode chip has a metallization on the radiation cou-
pling-out area and/or the rear side area.

12. The laser diode device according to claim 11, wherein
the metallization is arranged directly on the semiconductor
layers between the semiconductor layers and an optical layer
on the radiation coupling-out area and/or the rear side area.

13. The laser diode device according to claim 10, wherein
the metallization forms outer sides of the laser diode chip and
a solder of the solder layer wets the metallization.
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14. The laser diode device according to claim 10, wherein
the metallization comprises at least one or more metals
selected from the group consisting of Au, Ti, Pt, Cr, Pd, Ni,
Ag, W and Cu.

15. The laser diode device according to claim 10, wherein
the laser diode chip has, on a top side facing away from the
mounting part, at least one depression that extends from the
rear side area to the radiation coupling-out area and that is
covered with a passivation.

16. A laser diode device comprising:

a housing having a mounting part;

a laser diode chip based on a nitride compound semicon-
ductor material in the housing on the mounting part, the
chip having, on a substrate, semiconductor layers with
an active layer for generating light and the chip having a
radiation coupling-out area with a radiation coupling-
out region for emitting the generated light, a rear side
area situated opposite the radiation coupling-out area,
and side areas connecting the radiation coupling-out
area and the rear side area; and

a solder layer, wherein the laser diode chip is mounted
directly on the mounting part by means of the solder
layer, wherein the solder layer has a thickness of greater
than or equal to 3 um, and wherein the laser diode chip
has a strain that endeavors to convexly deform an under-
side of the laser diode chip facing the mounting part, or
that counteracts at least a concave deformation of the
underside facing the mounting part.

17. A laser diode device comprising:

a housing having a mounting part;

a laser diode chip based on a nitride compound semicon-
ductor material in the housing on the mounting part, the
chip having, on a substrate, semiconductor layers with
an active layer for generating light and the chip having a
radiation coupling-out area with a radiation coupling-
out region for emitting the generated light, a rear side
area situated opposite the radiation coupling-out area,
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and side areas connecting the radiation coupling-out
area and the rear side area; and

a solder layer, wherein the laser diode chip is mounted
directly on the mounting part by means of the solder
layer, wherein the solder layer has a thickness of greater
than or equal to 3 um, and wherein the laser diode chip
has, in an underside facing the mounting part, at least
one anchoring element for the solder layer, the at least
one anchoring element being formed by a depression or
elevation.

18. The laser diode device according to claim 17, wherein
the laser diode chip has a plurality of anchoring elements
embodied as elevations and/or depressions in the underside.

19. The laser diode device according to claim 17, wherein
the laser diode chip has as anchoring element a stepped
depression at a chip edge between the underside and the
radiation coupling-out area or the rear side area or a side area.

20. A laser diode device comprising:

a housing having a mounting part;

a laser diode chip based on a nitride compound semicon-
ductor material in the housing on the mounting part, the
chip having, on a substrate, semiconductor layers with
an active layer for generating light and the chip having a
radiation coupling-out area with a radiation coupling-
out region for emitting the generated light, a rear side
area situated opposite the radiation coupling-out area,
and side areas connecting the radiation coupling-out
area and the rear side area; and

a solder layer, wherein the laser diode chip is mounted
directly on the mounting part by means of the solder
layer, wherein the solder layer has a thickness of greater
than or equal to 3 um, wherein the laser diode chip has a
metallization on the side areas, and wherein the laser
diode chip has, on a top side facing away from the
mounting part, at least one depression that extends from
the rear side area to the radiation coupling-out area and
that is covered with a passivation.
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